Using Virtual Observatory tools, we cross-matched the Carlsberg Meridian 14 and the 2MASS Point Source catalogs to select candidate nearby bright M dwarfs distributed over ∼25,000 deg 2 . Here, we present reconnaissance low-resolution optical spectra for 27 candidates that were observed with the Intermediate Dispersion Spectrograph at the 2.5 m Isaac Newton Telescope (R ≈ 1600). We derived spectral types from a new spectral index, ℜ, which measures the ratio of fluxes at 7485-7015Å and 7120-7150Å. We also used VOSA, a Virtual Observatory tool for spectral energy distribution fitting, to derive effective temperatures and surface gravities for each candidate. The resulting 27 targets were M dwarfs brighter than J = 10.5 mag, 16 of which were completely new in the Northern hemisphere and 7 of which were located at less than 15 pc. For all of them, we also measured Hα and Na i pseudo-equivalent widths, determined photometric distances, and identified the most active stars. The targets with the weakest sodium absorption, namely J0422+2439 (with X-ray and strong Hα emissions), J0435+2523, and J0439+2333, are new members in the young Taurus-Auriga star-forming region based on proper motion, spatial distribution, and location in the color-magnitude diagram, which reopens the discussion on the deficit of M2-4 Taurus stars. Finally, based on proper motion diagrams, we report on a new wide M-dwarf binary system in the field, LSPM J0326+3929EW.
INTRODUCTION
M dwarfs are the most common stars in the universe. Not only is the closest star to the Sun an M dwarf (Proxima Centauri), but also 66 % of the nearest stars in our Galactic neighborhood (d < 10 pc) are M dwarfs 1 . However, after the first key propermotion surveys in the first decades of the 20th century (van Maanen 1915; Wolf 1919; Ross 1939) , the famous catalogs of Gliese (1969) , Giclas et al. (1971 Giclas et al. ( , 1978 , Luyten (1979a,b) , Gliese & Jahreiss (1991) , and the concluding spectroscopic studies of Kirkpatrick et al. (1991) and the RECONS Research Consortium of Nearby Stars (Reid et al. 1995; Hawley et al. 1997) at the end of the millennium, M dwarfs were relatively forgotten in the first decade of the current century. This apparent falling into oblivion, apart from a few honorable exceptions (e.g., Lépine et al. 2003b; Lépine & Shara 2005) , was mostly due to many stellar astronomers focusing on the search and characterization of cooler objects with later spectral types: L, T, and, quite recently, Y (e.g., Martín et al. 1997 , Kirkpatrick et al. 1999 Burgasser et al. 2002; Cushing et al. 2011) .
Almost twenty years later, there have been a rebirth of M-dwarf studies. A few examples in the last four years are the possible existence of exoplanets in habitable zones around M dwarfs (Charbonneau et al. 2009; Anglada-Escudé et al. 2012; Bonfils et al. 2013 ), a high occurrence of Earth-like-radius transiting exoplanets around cool stars in the Kepler field (Batalha et al. 2010; Howard et al. 2012; Muirhead et al. 2012 ) and close to the Sun (Apps et al. 2010; Johnson et al. 1 http://www.recons.org/ 2010; Bonfils et al. 2011) , transmission spectra of superearths around M dwarfs (Miller-Ricci & Fortney 2010; Berta et al. 2012) , the luminosity and mass functions of low-mass stars in the solar neighborhood from Sloan data West et al. 2011) , low contrast ratios that favor the detection of very faint, close-in (planetary) companions (Chauvin et al. 2010) , high-precision dynamical masses of very lowmass binaries (Konopacky et al. 2010) , the complete new field of M-dwarf metallicity (Schlaufman & Laughlin 2010; Rojas-Ayala et al. 2010 , fragile low-mass binaries (Burningham et al. 2010; Faherty et al. 2010; Dhital et al. 2010) , or even a rebith of activity studies in light of new magnetohydrodynamic models (Morin et al. 2010; Browning et al. 2010) . Many exoplanet hunters turn now their eyes to M dwarfs, both with current instruments (CRIRES: Bean et al. 2010 ; NIR-SPEC: Blake et al. 2010; MEarth: Irwin et al. 2011 , Berta et al. 2013 APOGEE: Zasowski et al. 2013; Kepler: Martín et al. 2013 ) and with future ones (SPIRoU: Artigau et al. 2011; CARMENES: Quirrenbach et al. 2012; HPF: Mahadevan et al. 2012; TESS: Ricker et al. 2010; EChO: Tinetti et al. 2012 ). In parallel, many research teams now focus on searching for the best M dwarfs for radial-velocity and transit exoplanet surveys (e.g., Reiners et al. 2010; Lépine & Gaidos 2011; Lépine et al. 2013; Frith et al. 2013; Caballero et al. 2013) , apart from characterizing in detail such potential targets.
In this work we search for unidentified bright intermediate M dwarfs in the solar neighborhood using Virtual Observatory (VO 2 ) techniques. The VO Table 1 . New field M dwarfs reported here for the first time are drawn with (magenta) rhombs, previously known field M dwarfs with (blue) circles, members in Taurus-Auriga with (red) stars, M giants with (green) squares, and reddened Cygnus OB2 massive stars with (cyan) rhombs. Black error bars represent the average colors of typical dwarfs of spectral types M4 V to M8 V (West et al. 2008) . Right panel: same as left panel but the tiny gray points represent stars in Lépine & Shara (2005) with the CMC14 counterpart. The vertical dashed line at r ′ − J = 3.9 mag indicates our color cut. The two Galactic disk dwarf and halo subdwarf sequences are distinguishable in the bottom left corner.
is "an international initiative designed to provide the astronomical community with the data access and the research tools necessary to enable the exploration of the digital, multi-wavelength universe that is resident in the astronomical data archives". The VO is already an operational research infrastructure as demonstrated by the growing number of papers using VO tools (see, for instance, Caballero 2009; Valdivielso et al. 2009; Aberasturi et al. 2011; Lodieu et al. 2012; Luhman 2013; López Martí et al. 2013; Malo et al. 2013 , or Stelzer et al. 2013 for recent examples of VO science papers focused on low-mass stars). Besides, in this work we combine our VO search with a low-resolution spectroscopic follow-up, an astrometric and photometric study, and an activity analysis (based on our Hα measurements and X-ray emission from public databases) to successfully identify not only potential targets for exoplanet hunting at less than 20 pc, but also to serendipitously identify three young very low-mass stars in the TaurusAuriga region. University et al. 2006 -see Evans et al. 2002 for a description of a previous release) with the Two-Micron All Sky Survey (2MASS; Skrutskie et al. 2006) . This correlation was performed with the help of the Aladin sky atlas (Bonnarel et al. 2000) and the Starlink Tables Infrastructure Library Tool Set (STILTS; Taylor 2006) . To avoid memory overflow problems, we divided the 25 078 deg 2 of common CMC14-2MASS sky (i.e., the CMC14 area -over 60 % of the whole sphere) into overlapping circular regions of 30 arcmin radius. We used a matching radius of 5 arcsec, which ensured that objects with high proper motions of up to µ ∼ 1700 mas a −1 (given the typical baseline between 2MASS and CMC14 astrometric epochs) were not left out. Only the closest 2MASS counterpart to each CMC14 source was considered.
OBSERVATIONS AND ANALYSIS

Candidate Selection
Constraints based on the colors expected for M dwarfs with spectral types M4 V and later were imposed. In particular, we selected objects with colors r ′ − J > 3.9 mag and 0.8 mag < J − K s < 1.1 mag (e.g., West et al. 2008 ) and high quality 2MASS flags (AAA).
Since we were interested in bright M dwarfs, our last restriction was J < 10.5 mag. We did not expect to identify any dwarfs later than M8 V (r ′ − J 6.5 mag) because the CMC14 completeness magnitude is r ′ ≈ 17.0 mag in the Sloan passband (slightly variable by 0.1-0.2 mag from one sky region to another). After these color and magnitude cuts, we expect to find M4 V (M8 V) stars within 45 pc (7.5 pc) the Sun using the M J -SpT relation in Caballero et al. (2008, Table 3 ). The selection of the resulting 828 sources with r ′ JHK s photometry is illustrated in the left panel of Figure. 1.
We prepared a list of high-priority targets for a spectroscopic run planned for the Canarian winter (see Section 2.2). Of the 828 stars, we selected objects visible during the season (i.e., with right ascensions 22 h < α < 16 h) and with minimum zenith distances during culmination (i.e., with declinations +18 deg < δ < +41 deg). We imposed an extra cut at colors J −K s < 1.0 mag, thus making the near-infrared color constraint actually 0.8 mag< J − K s < 1.0 mag. The 125 sources passing these filters were inspected visually with Aladin and classified into five groups: (1) known dwarfs, (2) known giants, (3) known young stars (T Tauri and reddened massive stars), 4) probable giants, and (5) probable dwarfs. There was only one artifact from an incorrect CMC14-2MASS crossmatch of a visual binary, which resulted in a final list of 124 stars. For the classification, we used additional information gathered from the SIMBAD 4 and ADS 5 services, and the PPMXL catalog of positions and proper motions on the ICRS (PPMXL; Roeser et al. 2010) and IRAS point source (Helou & Walker 1988) . Field giants in the investigated magnitude range have in general very low proper motions, lower than 5 mas a −1 , near-infrared colors close to the upper limit (J − K s ≈ 1.0 mag), flux excess in the IRAS passbands, and, in some cases, photometric variability due to pulsations (see, e.g., the recent VO-based survey for bright Tycho-2 stars with red colors by Jiménez-Esteban et al. 2012 ).
The 97 cross-matched known dwarfs, giants and young stars with spectral-type determination and probable dwarfs and giants without spectral typing are shown in Table 1 . All the known dwarfs (55) except one have spectral types M4.0 V or later (the exception is G 98-52 A, which has an M3.5 V spectral type). Table 1 includes four pre-main sequence T Tauri stars in TaurusAuriga (XEST 16-045, FW Tau AB, V927 Tau AB, and Haro 6-36; see Section 3.4) and a couple of reddened massive stars in Cygnus OB2 ([CPR2002] A20 and [CPR2002] A25; Comerón et al. 2002) . Field M giants, T Tauri stars, and reddened Cygnus OB2 massive stars fall in well-defined locations in a reduced-proper-motions diagram, as the one shown in the right panel of Figure. 1.
The remaining 27 high-priority dwarf candidates, shown in Table 2 , were selected for spectroscopic follow-up. They all had proper motions greater than 20 mas a −1 , no IRAS detection, and magnitudes and colors consistent with intermediate or late M spectral type and luminosity class V. Of them, only 11 were previously identified and classified as M dwarf candidates based only on photometry by Giclas et al. (1959 Giclas et al. ( , 1961 , McCarthy & Treanor (1964) , Luyten (1979b) , Fleming (1998) , Lépine & Shara (2005) , and Lépine & Gaidos (2011) .
Spectroscopy
On 2012 January 11-13, we used the Intermediate Dispersion Spectrograph (IDS) at the 2.5 m Isaac Newton Telescope (INT) in the Observatorio del Roque de Los Muchachos (La Palma, Spain). We used the configuration with the Red+2 detector, the R300V grating centered on 550 nm, and the 1.0 arcsec wide slit, which provided a resolution R ≈ 1600 over a wide wavelength interval from 360 to 900 nm. The actual useful wavelength interval was, however, a bit narrower, from 425 to 825 nm.
We collected low-resolution spectra of the 27 highpriority dwarf candidates and 5 reference stars for spectral-type determination, which are shown in Table 3 . Exposure times ranged between 700 and 2400 s, depending on target brightness. Raw data were next reduced following standard procedures within the IRAF environment (bias and flat-field correction, cosmic-ray rejection, and optimal extraction). Wavelength calibration was carried out with spectra of Cu-Ne arc lamps taken during the run. Figure. 2 shows the 32 final spectra of bright M dwarf candidates and reference stars sorted by spectral type. 
RESULTS
Spectral Types
ID
Alternative (Reid et al. 1995; Hawley et al. 1996) .
Fig. 3.-Top panel: our spectral index ℜ measured for M1-9 V spectral type templates observed by Leggett et al. (2000) and Cruz & Reid (2002) (black empty circles and triangles, respectively) compared with our 24 field M dwarfs (blue filled circles), 3 T Tauri M-type objects (red filled stars), and 5 reference field dwarfs (green filled squares). Bottom panel: wavelength intervals used to define the Re index on an example spectrum.
As explained above, 11 of the 27 high-priority Mdwarf candidates observed spectroscopically were previously known. Of them, seven had spectral-type estimations from colors (from digitization of blue and red photographic plates - Giclas et al. 1961; Lépine & Gaidos 2011- or from optical and near-infrared multi-band photometry -Fleming 1998), and two from real spectra (J0122+2209 from Lépine et al. 2013 and J1241+1905 from Reid et al. 2003 .
For the 27 stars, we derived our own spectral types with a custom-made spectral index.
Spectral indices have been extensively used in the classification of M dwarf spectra (Kirkpatrick et al. 1991; Reid et al. 1995; Martín et al. 1996 Martín et al. , 1999 Hawley et al. 2002; Lépine et al. 2003a; Slesnick et al. 2006a,b; Shkolnik et al. 2011; Seeliger et al. 2011) . We took advantage of this knowledge for defining the ℜ index, which better fits the useful wavelength interval, resolution, and maximum efficiency of our IDS/INT spectra. The numerator and denominator of the ℜ index are the fluxes contained in the 30Å bands centered on 7500 and 7135Å, which correspond to the pseudo-continuum at the red side and to the minimum of the strong ∼7000-7350Å TiO band, respectively. Basically, ℜ is similar to the Martín et al. (1996) PC2 index (7560±20Å / 7040±10Å), which accounts mostly for the TiO and VO contributions, but with the numerator wavelength interval at the bottom of a deep water vapor band head. The ℜ index is not sensitive to luminosity, log g or metallicity.
To minimize the dependence of our index on flux calibration calibration issues, we normalized our spectra to a pseudo-continuum traced by joining the highest points of the observed spectra (skipping Hα). The ratios were measured on the "normalized" spectra. As templates for determining the ℜ-spectral type relation, we used the spectra of 58 M1-9 V stars of Leggett et al. (2000) and Cruz & Reid (2002) , together with our 5 reference stars, normalized in the same way as the target spectra. As illustrated by Figure. 3, the ℜ index has the advantage of having a fairly large dynamic range, covering values from about 1.0 to 5.5. We fit the ℜ-SpT pairs to a parabola (i.e., SpT(ℜ) = a + bℜ + cℜ 2 ), and derived spectral types for our 27 targets with an estimated uncertainty of ±0.5 spectral subtypes. The relation to estimate the spectral type, valid between M0.0 V and M5.5 V, was:
The results are listed in the third column of Table  4 . We calculate 18 new spectral types for the first time and improve previous determinations for other 7 dwarfs. Derived spectral types vary from M2.5 V in the case of J1132+1816 to M5.5 V in the case of J2211+4059 (PM I22489+1819), with the majority of them in the narrow interval from M3.5 V to M4.5 V, which fully backs our initial color criteria for selecting intermediate M dwarfs (the original cut in r ′ − J was for selecting >M4 V stars). Some of the stars M4 V and later are bright enough to be potential targets for exoplanet surveys, such as CARMENES (Quirrenbach et al. 2012; Caballero et al. 2013) . Interestingly, the latest M dwarf in our sample had a spectral-type estimation from V phot − J photometry at M7: V. We agree with Lépine et al. (2013) and Mundt et al. (2013) that spectral types from this color are systematically later than those actually measured on real spectra (at least for spectral types later than M2-3 V).
Effective Temperatures and Surface Gravities
We used another VO tool, the VO Spectral energy distribution Analyzer (VOSA 6 ; Bayo et al. 2008) , to derive effective temperatures (T eff ) and surface gravities (log g) a Spectral types from the bibliography and our IDS/INT spectra (photometric spectral types are listed with 'm' and 'k'), ℜ index, pseudo-equivalent widths of Hα λ656.3 nm and Na i λλ818.3,819.5 nm from our spectra, T eff (±100 K) and log g (±0.5) from our VOSA fits, derived heliocentric distance, and key data from the ROSAT All-Sky Bright and Faint Survey Catalogues (1RXS name, angular separation between the X-ray and 2MASS coordinates, count rate, and hardness ratio). b Two stars had previous pEW(Hα) determinations: J0122+2209 of -4.1±0.7Å and J1459+3618 of -6.9±0.6Å (Mochnacki et al. 2002) . c Three stars had previous distance determinations: J0122+2209 at 10.5 pc and J1459+3618 at 22.0 pc (Fleming 1998 of our 27 targets from fits of observed spectral energy distributions to theoretical models. Apart from the CMC14 (r ′ ) and 2MASS (JHK s ) photometric data, we also used those of the Wide-field Infrared Survey Explorer (W 1-4; WISE, Cutri & et al. 2012 ) and, when available, the Fourth U. S. Naval Observatory CCD Astrograph Catalogue (Bg ′ V i ′ ; UCAC4, Zacharias et al. 2012) , and Sloan Digital Sky Survey (u ′ g ′ ; SDSS DR9, Aihara et al. 2011 ). We did not use the Hartman et al. (2011) V -band photometry of J1459+3618/RX J1459.4+3618 because of an incorrect absolute calibration (besides, they found a period of photometric variability of 4.17 d, but with a Vband amplitude of only 49 mmag). Key photometry of the 27 targets is provided in Table 5 .
In VOSA, we used the BT-Settl theoretical models (Allard 2014 ) between 1 600 and 4 000 K in T eff and between 3.5 and 6.0 in log g for solar metallicity. The uncertainty in the best fit was the size of the grid, which was of 100 K in T eff and 0.5 in log g. Anayway, the VOSA log g values have to be taken with caution and refined using other indicators. Figure. 4 illustrates one of our VOSA fits as an example.
Derived values ranged between 2800 and 3400 K in T eff , and 3.5 and 6.0 in log g, which roughly match our spectral types and the surface gravity expected values for normal mid-M dwarfs in the field (e.g., Rajpurohit et al. 2013 ).
As a matter of fact, the star with the latest spectral type in our sample (J2211+4059, M5.5 V) also had the lowest effective temperature (T eff = 2900±100 K).
We double-checked the VOSA values of log g with an atomic gravity-sensitive feature present in our spectra, the Na i doublet at 818.3-819.5 nm (Steele & Jameson 1995; Guieu et al. 2006; Slesnick et al. 2006a; Martín et al. 2010; Schlieder et al. 2012) . At a given spectral type in low-mass stars (and brown dwarfs), the weaker the alkali doublet, the lower the gravity. In its turn, low gravity is an indicator of youth (Béjar et al. 1999; McGovern et al. 2004; Burningham et al. 2005; Soderblom et al. 2013 and references therein).
We measured the pseudo-equivalent widths of the alkali doublet in our IDS/INT spectra with the IRAF task splot. The results, given in Table 4 , showed that there are three M4.0-5.0 stars with significantly weak sodium absorption, of pEW(Na i) < 3Å; two of them also had the lowest surface gravities (log g = 3.5±0.5) in the VOSA fits. The other 24 stars had sodium absorptions typical of field dwarfs of the same spectral types (see Table 4 in Schlieder et al. 2012) .
The compiled photometry also allowed us to search for infrared excesses, which may be ascribed to circumstellar disks. In particular, two stars, J0515+2336 and J0507+3730, had a significantly bright W 4 magnitude (at 22.1 µm) with respect to the other WISE and 2MASS magnitudes (Table 5 ). However, their apparent W 4-band excess came instead from an incorrect background subtraction at very low Galactic latitudes (column b in Table 2). All in all, no star in our sample displayed a clear mid-infrared flux excess attributable to a disks.
Activity
We tried to quantify the magnetic activity of the stars in our sample. First, we measured pseudo-equivalent widths of the Hα λ656.3 nm line, pEW(Hα)s, in our IDS/INT spectra. Error bars for each target were assigned by manual repetition of measurements making educated visual inspections of the continuum levels and the line limits. As expected for intermediateand late-type M dwarfs (Hawley et al. 1996; Gizis et al. 2000; West et al. 2004 ), most of our stars showed Hα in emission. Indeed, two of the three non-Hα emitters are the earliest stars in our sample (M2.5-3.0 V). However, one of the stars displayed an Hα pseudo-equivalent width that stood out among the other measurements: J0422+2439, with pEW(Hα) = -20.9±0.5Å. We used the Barrado y Navascués & Martín (2003) empirical criterion for ascertaining the origin of the Hα emission. As illustrated by Figure. 5, the emission of all stars in our sample except J0422+2439 is consistent with chromospheric activity. J0422+2439, one of the three lowgravity stars described in Section 3.2, showed Hα emission very close to the criterion boundary separating accretion and chromospheric emission.
There were two stars, J0122+2209/G 34-53 and J1459+3618/RX J1459.4+3618, for which Hα emission had been investigated previously by Mochnacki et al. (2002) (Table 4) . Their and our measurements of pEW(Hα) match each other within the uncertainties.
Second, we searched for counterparts in the ROSAT All-Sky Bright and Faint Survey Catalogues (Voges et al. 
1999
). We applied a search radius of 30 arcsec due to the low ROSAT astrometric precision. Of the 27 stars in our sample, 11 stars (∼40 %) had appreciable emission in the 0.2-2.0 keV energy band at the time of the ROSAT observations.
The brightest star in our sample in the visible and near-infrared, J0122+2209/G 34-53, also has the highest X-ray count rate by far. Perhaps because of that reason, it has been the subject of a few all-sky X-ray surveys for low-mass stars (Fleming 1998; Zickgraf et al. 2003; Fuhrmeister & Schmitt 2003; Haakonsen & Rutledge 2009) .
Another three known dwarfs had also been cataloged as Xray emitters:
J0156+3033/NLTT 6896 (Caballero 2012) , J1459+3618/RX J1459.4+3618 (Fleming 1998) , and J2211+4059/1RXS J221124.3+410000 (Haakonsen & Rutledge 2009) . In this work, we report for the first time the X-ray emission of one known M dwarf, J0058+3919/PM I00580+3919, and six new M dwarfs.
For the 11 X-ray stars, we calculated the distanceindependent parameter (Caballero et al. 2010) . We computed F X from the X-ray count rates and hardness ratios as in Schmitt et al. (1995) . Six stars had F X /F J ratios above 0.7 × 10 −3 , with only one of them having a ratio of ∼ 1.1 × 10 −3 . This relatively strong X-ray emitter is just J2211+4059/1RXS J221124.3+410000, the primary of an ultra fragile binary system. The other five intense emitters are J0122+2209/G 34-53 (the brightest star of our list), J0156+3033/NLTT 6896 (the primary of the Koenigstuhl 4 wide binary system), J0422+2439 (the accreting star with strong Hα emission and low surface gravity), and J0304+2203 and J0507+3730 (two new, M4.5-5.0 V stars identified in this work). The latter three intense X-ray emitters are shown here for the first time.
The other six stars with ROSAT data are relatively faint X-ray emitters.
3.4. Three New Member Candidates in Taurus The strong Hα emission, low surface gravity, and relatively intense X-ray emission of the possibly accreting star J0422+2439 led us to investigate it in detail. Its coordinates, as well as those of the other two stars with weak Na i absorption, resembled those of the four known young T Tauri stars in Table 1 , so we considered their membership in the young star-forming region of TaurusAuriga (τ ∼ 1-2 Ma, d ∼ 140 pc; Kenyon et al. 2008) .
First of all, we compiled an exhaustive list of TaurusAuriga members and member candidates from Luhman (2004), Luhman et al. (2006 , 2009 ), and Guieu et al. (2006 and cross-matched that list with 2MASS, CMC14, and PPMXL. Figure. 6 illustrates our analyses. From left to right, our three new Taurus-Auriga member candidates with spectroscopy (and the four T Tauri stars in Table 1 ) (1) are spatially located towards the densest filaments of Taurus-Auriga (see also Figure 1 in Luhman et al. 2009 ), (2) have proper motions consistent with membership in Taurus-Auriga (Bertout & Genova 2006; Mooley et al. 2013) , and (3) follow the TaurusAuriga sequence in optical-near-infrared color-magnitude diagrams 7 . Taking into account these facts, the low surface gravity of the three new member candidates, and the intense Hα and X-ray emission of the accreting star, we concluded that J0422+2439, J0435+2523, and J0439+2333 do belong to Taurus-Auriga.
We further characterized the three identified T Tauri stars. At d ∼ 140 pc, the Taurus-Auriga distance modulus is m − M ∼ 5.7 mag. With the J-band apparent magnitudes, the maximum absolute magnitudes range between 3.9 and 4.7 mag. Actual absolute magnitudes must be brighter than that interval because of variable extinction toward Taurus-Auriga. The detection of J0422+2439 by ROSAT implies that it is located in the closer side of the cloud, with subsequent low extinction (X-rays are absorbed by interstellar dust and gas). Something similar happens to J0435+2523 and J0439+2333, whose SEDs and colors do not deviate significantly from the other M dwarfs in the field. By assuming conservatively that the J-band extinction is lower than 0.5 mag and using the NextGen models (Baraffe et al. 1998 ) at 1-2 Ma, we derived theoretical masses in the interval 0.17-0.57 M ⊙ for the three new T Tauri low-mass stars, well above the hydrogen burning mass limit. The three young stars could be at distances slightly closer than 140 pc because they are on the near sides of the clouds, which are rather large. We will know their distances with the advent of the ESA/Gaia/ space mission.
Some authors have argued against the universality of the initial mass function based on the hypothetical deficit of low-mass stellar objects (<0.5 M ⊙ , M2-4) in TaurusAuriga (Briceño et al. 1998 (Briceño et al. , 2002 Luhman et al. 2003 Luhman et al. , 2009 Guieu et al. 2006; Güdel et al. 2007; Scelsi et al. 2007; Perger et al. 2013) . The detection of three stars just in the deficit range may point out that the initial mass function in Taurus-Auriga is actually standard, and that previous surveys had not been successful enough for detecting intermediate M dwarfs. Simple VO surveys such as the one presented here may cover that gap.
Distances
The three young stars in Taurus-Auriga are consequently located at d ∼ 140 pc (Kenyon et al. 2008 and references therein). However, some of our targets were expected to be located very close to the Sun because of their late spectral types and relative brightness. We used the absolute magnitude M J -spectral type relation in Caballero et al. (2008) for deriving spectro-photometric distances for the 24 investigated field M dwarfs, which are given in Table 4 . We assumed generous uncertainties in the M J -SpT relation, apart from those in our SpT determination and the 2MASS J magnitudes, which translated into typical error bars of about 20 %. There have been previous determinations of the distances to three known dwarfs based solely on V I-band (Fleming 1998) and optical and near-infrared photometry (Caballero 2012) . Those determinations are consistent with ours within conservative error bars.
All of our field M dwarfs except four (which are M2.5-3.5 V stars) are located at less 25 pc. Of them, seven are at 15 pc or less, of which only three were previously known (J0122+2209/G 34-53 at 8±2 pc, J0156+3033/NLTT 6496 at 15±4 pc, and J2211+4059/1RXS J221124.3+410000 at 9±2 pc). The other four were identified in this work for the first time (J0012+3028, J0507+3730, J1518+2036, and J2259+3738 at 12-15 pc).
Common Proper Motion Pairs
We took advantage of the Aladin sky atlas and the VOTable Plotting tool VOplot to look for proper-motion companions to our 27 stars. We loaded PPMXL data in a circular area of 30 arcmin radius centered on our targets and plotted proper-motion diagrams (µ δ versus µ α cos δ). We recovered one known binary system (Königstuhl 4 AB; Caballero 2012) and reported and characterized for the first time another one.
The new binary, not tabulated in the Washington Double Star Catalog (Mason et al. 2001 ), consists of J0326+3929/LSPM J0326+3929E and its close companion LSPM J0326+3929W. The two stars were reported first by Lépine & Shara (2005) , who did not provide any clues of their possible binarity (the Lépine & Shara 2005 catalog is a very useful source of new proper motion pairs identified by amateur astronomers -e.g., López et al. 2012; Rica 2012) . However, because of its angular separation that is shorter than 55 arcsec and identical proper motions, the pair probably is one of the 19,836 highly probable wide binaries reported by Lépine (2011) .
We applied the method of (Caballero 2007) of confirming membership in a common proper motion pair by comparing multi-band photometry (in this case,
3) of the two components and measuring constant angular separation ρ and position angle θ on a long time baseline. Table 6 summarizes our astrometric analysis of SuperCOSMOS digitizations of the First and Second Palomar Observatory Sky Survey (Hambly et al. 2001 ) and other public databases. With a significant proper motion of µ ∼ 160 mas a −1 , the two stars would be separated by up to 15 arcsec in the 1955 POSS-I images if the secondary star were in the background. However, ρ and θ kept constant at 6.3±0.3 arcsec and 229±3 deg in a 55.4 a long interval, from which we concluded that the two stars travel together. Both LSPM J0326+3929E and W were saturated in all POSS photographic plates and, because of their proximity, there were large uncertainties in the determination of the photocentroids. We determined more precise mean angular separation and position angle at ρ = 6.48±0.16 arcsec and θ = 227.9±1.0 deg by averaging only the last four astrometric epochs (∆t = 11.7 a). With the distance computed in Section 3.5 (d = 17±4 pc), we derived a projected physical separation of s = 110±30 au. From the spectral type of the primary, M4.5 V, and the magnitude differences between the two components, of ∆r ′ = 0.357±0.004 mag and ∆J = 0.28±0.04 mag, we estimated a spectral type M5.0: V for the secondary.
DISCUSSION AND CONCLUSIONS
We showed the potential of the Virtual Observatory for finding new bright nearby M dwarfs, some of which can be targeted by current or forthcoming exoplanet surveys. In this pilot program, we cross-matched the photometric CMC14 (r ′ ) and 2MASS (JHK s ) catalogs in the whole overlapping area of 25 078 deg 2 , imposed color restrictions in r ′ −J and J −K s , and selected 828 sources brighter than J = 10.5 mag for follow-up. Some of them turned out to be background M giants or even reddened, massive early-type stars in distant open clusters. Proper motions were used in a second step in giving priorities in the spectroscopic follow-up.
We used the Intermediate Dispersion Spectrograph at the 2.5 m Isaac Newton Telescope for obtaining lowresolution optical spectroscopy of 27 targets, 25 of which had not been spectroscopically analyzed before. We determined spectral types with a custom-made spectral index, ℜ, which accounts mostly for the absorption of a TiO band at 7100-7500Å. Derived spectral types of all the stars ranged between M2.5 V and M5.5 V, with the bulk of them in the narrower M3.5-5.0 V interval, which demonstrated the success of our search.
In spite of their relative brightness, J < 10.2 mag in seven cases (and J < 9.7 mag in one case), 16 (60 %) M dwarfs had escaped previous surveys and are, therefore, discovered and characterized here for the first time. This fact may be due to that our survey, contrary to most searches for M dwarfs, was purely photometric and that most of our stars fell above the main-sequence locus in a reduced-proper-motion diagram. That is, proper motions of our targets are lower than average for typical dwarfs of the same r ′ − J colors. Without an appropriate radial-velocity study, one cannot deduce low total Galactic velocity from low tangential velocity (M dwarfs can move fast in the visual direction instead), but one can at least conclude that proper-motion surveys are inefficient in the identification of slow M dwarfs, even if they are bright and nearby.
Indeed, among our 27 M dwarfs, there are two stars at less than 10 pc, to which we recommend measuring the parallax: J0122+2209/G 34-53 (M4.0 V, d = 8±2 pc) and J2211+4059/1RXS J221124.3+410000 (M5.5 V, d = 9±2 pc). There are another five stars at 10-15 pc, four of which are presented here for the first time. The identification of new relatively bright, low-active, single stars much closer to Earth than the median distance to Mdwarf exoplanet-survey targets (≫13 pc) is still a matter of interest. In summary, this kind of VO color-based search may shed light on the complete identification and characterization of all M dwarfs in the 10 pc radius sphere centered on the Sun, until the ESA space mission Gaia delivers its final catalog by 2022.
We were genuinely surprised by the discovery of three slow M dwarfs with low surface gravities from weak Na i absorption in our IDS/INT spectra and from VOSA fits to observed multi-wavelength spectral energy distributions. Besides, one of them, J0422+2439, had a strong Hα emission indicative of accretion (the pEW(Hα)s of the other 26 stars were consistent with the chromospheric activity). This fact led us to study the X-ray emission of the sample stars in the ROSAT Bright Source Catalogue. Of the 11 (40 %) positive cross-matches with ROSAT, 7 were new detections, which suggests that previous all-sky X-ray surveys for low-mass stars have been incomplete. The coolest star in our sample, J2211+4059 (M5.5 V), had also the highest L X /L J ratio, slightly above those of four other stars, including J0422+2439.
We assigned membership of J0422+2439 to the TaurusAuriga star-forming region based not only on low surface gravity and Hα and X-ray emissions, but also on coincidence of spatial location, proper motions, and colormagnitude combinations with a large sample of known Taurus-Auriga members. We also assigned membership of J0435+2523 and J0439+2333, the other two lowgravity stars, in the star-forming region. The identification of three new intermediate M dwarfs in TaurusAuriga may help alleviate the reported lack of them, which has made many authors to claim the uniqueness of the initial mass function in Taurus-Auriga.
We also looked for proper-motion companions to our 27 stars. We recovered a fragile, wide, already known pair and reported and characterized a new pair, an M4.5 V star and an M5.0: V companion separated by 6.5 arcsec (∼110 AU).
We will continue to search with VO tools for slow bright nearby M dwarfs, in particular for potential targets for exoplanet hunting. For that, we will not only plan to conclude the analysis of our CMC14+2MASS data with a new spectroscopic follow-up, but also start a new study with the latest release of the Carlsberg Meridian Catalogue (CMC15 8 ), which will be more extensive than the CMC14 one. Extra VO works for the identification of slow bright nearby M dwarfs unnoticed by previous surveys will include massive cross-matches between existing databases relevant for this topic: 2MASS, PPMXL, UCAC4, WISE, GALEX, ROSAT, VISTA, and VST. These works will pave the way for further 'super-massive' correlations when the first Gaia and EUCLID data releases are available.
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